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FEED-FORWARD ACTIVE BRAKE
CONTROL

TECHNICAL FIELD

This invention relates to a motor vehicle active brake
control, and more particularly to a control in which the
active brake commands are determined using a feed-forward
control.

BACKGROUND OF THE INVENTION

Chassis control technology has achieved noteworthy
progress, thanks to advancements 1n sensing and computing,
technologies as well as advances 1 estimation and control
theory. This has permitted the design of various control
systems using active means to achieve a more maneuverable
vehicle. One such enhancement i1s the control and adjust-
ment of tire forces through a braking force distribution
control strategy, using steering wheel angle and yaw rate as
feedback. However, the sensors typically required to mecha-
nize such a control strategy contribute to increased system
cost. Additionally, closed-loop feedback systems are inher-
ently based on an observed error, so that the resulting control
1s of a corrective nature, lagging the operator commands.
Accordingly, 1t 1s desired to provide a low cost active
braking control that derives its control from the operator
commands to provide more responsive vehicle handling.

SUMMARY OF THE PRESENT INVENTION

The present 1nvention 1s directed to an improved active
brake control in which differential braking 1s used 1 a
feed-forward control to develop vehicle yaw 1n response to
a desired yaw value determined as a function of steering
wheel position and vehicle speed. The desired yaw rate
value 1s used to develop a dertvative yaw component and a
proportional yaw component, which are summed to form a
feed-forward yaw command for differential braking. Both
proportional and derivative components have limited control
authority determined by dead-band and saturation
thresholds, and the proportional term 1s subjected to a
diminishing integrator which reduces the yaw command as
the desired yaw rate value approaches steady-state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a vehicle including an electronic
controller and associated mput and output devices consti-
tuting a control system for carrying out an active brake
control.

FIG. 2 1s a block diagram of the feed-forward control
carried out by the electronic controller of FIG. 1 according
to this invention.

FIG. 3 1s a graph representing a dead-band and saturation
authority control according to this invention.

FIG. 4 1s a block diagram of a diminishing integrator
according to this invention.

FIG. 5A 1s a graph depicting a proportional gain term as
a function of vehicle speed according to this invention.

FIG. 3B 1s a graph depicting a derivative gain term as a
function of vehicle speed according to this mnvention.

FIG. 6 1s a time based graph illustrating the operation of
the diminishing integrator of FIG. 4 during steering maneu-
Vers.

FIG. 7A graphically depicts the operation of a conven-
tional closed-loop yaw control during an evasive steering
mancuver.
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FIG. 7B graphically depicts the operation of a yaw control
according to this invention during an evasive steering
Mmancuver.

FIG. 8 1s a block diagram of the feed-forward control
according to this invention, but with a steering rate sensor
instead of a steering angle sensor.

FIG. 9 1s main loop flow diagram representative of
computer program instructions executed by the electronic
controller of FIG. 1 m carrying out the control of this
invention.

FIG. 10 1s a flow diagram detailing a portion of the main
flow diagram of FIG. 9 concerning the feed-forward control
of this invention.

FIG. 11 depicts a flow diagram detailing a portion of the
main flow diagram of FIG. 9 concerning establishment of
entry and exit criteria for the active brake control.

FIG. 12 1s a flow diagram detailing a portion of the main
flow diagram of FIG. 9 concerning development of brake
force commands.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 depicts a mechanization of an active brake control
according to this invention on a vehicle 10. The vehicle 10
includes a brake system having a micro-processor based
controller 68 for controlling the brakes 20, 22, 24, 26 of the
respective wheels 12, 14, 16, 18. The controller 68 receives
various 1nputs, including wheel speed signals on lines 36,
38, 40, 42 from respective wheel speed sensors 28, 30, 32,
34; a brake pedal travel signal on line 83 from pedal travel
sensor 85; a brake switch signal from brake switch 82; a
steering wheel angle signal on line 62 from angle sensor 61;
and a master cylinder pressure signal on line 96 from the
pressure sensor 94. The sensors 28, 30, 32, 34, 61, 82, 85,
94 may be implemented with conventional devices 1n a
manner known to those skilled 1n the art.

Under certain conditions such as wheel lock-up or
spinning, or lateral instability, the controller 68 modifies the
normal braking of one or more wheel 12, 14, 16, 18 via the
respective actuators 52, 54, 56, 58 1n order to restore a
desired overall operation of the vehicle. In an 1ncipient
lock-up condition, the controller 68 commands one or more
of the respective actuator(s) 52, 54, 56, 58 to modulate the
brake force developed at the wheel(s) experiencing the
condition. In a wheel slip condition, the controller 68
commands one or more of the respective actuator(s) 52, 54,
56, 58 to develop brake force at the slipping wheel(s). In a
case of lateral mstability, the controller 68 commands one or
more of the respective actuator(s) 52, 54, 56, 58 seclectively
increase or decrease the brake forces generated at the various
wheels 12, 14, 16, 18 to produce a commanded yaw; the
control may be carried 1n a two-channel system 1n which
only the front brakes 20, 22 are controlled, or a four-channel
system 1n which all four brakes 20, 22, 24, 26 arc controlled.
Exemplary actuators are shown and described in detail in the
U.S. Pat. No. 5,366,281, assigned to the assignee of the

present 1nvention.

According to this invention, a feed-forward yaw control 1s
carried out as a function of vehicle speed (which may be
determined from the four wheel speed sensors) and steering
wheel position. Using these inputs, the controller 68 deter-
mines a feed-forward yaw command, which 1s implemented
in the 1llustrated embodiment in the form of a differential
wheel speed command AV. Alternatively, the commanded
yaw can be implemented as a differential brake force com-
mand. In either implementation, the wheel brakes are dif-
ferentially activated to achieve the commanded yaw control.
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FIG. 2 depicts a block diagram of the control. The steering,
wheel angle (0) and longitudinal vehicle speed (V) are
provided as mputs to block 100, which determines a desired
yaw rate €2, . The desired yaw rate €2, _ 1s provided to
blocks 102-106 which develop a proportional gain compo-
nent £2 , and to blocks 108—112 which develop a derivative
yaw 1n component £ ;. The order of blocks 102 and 104 may
be reversed 1f desired, as may the order of blocks 110 and
112. The proportional and derivative gain components €2
and €2, are summed at block 114 to form a yaw command
which may be 1n the form of a differential velocity AV, a
differential braking force AF, or a differential moment AM.
For purposes of this disclosure, the command 1s considered
as a differential moment AM. Finally, the differential
moment AM 1s provided to block 116 which activates the
wheel brakes 1n a manner to develop a differential brake
force that achieves the AV command. The brake control can
be a two-channel system 1n which only front wheel braking
1s controlled, or a four-channel system in which all four

wheels are mdividually controlled.

The desired yaw rate €2, _, may be determined according
to the expression:

des?

Q,..=V.0/(L+K

« Vi) (1)
where L 1s wheel base of the vehicle, and K, 1s an understeer
coellicient. The vehicle speed V_may be derived either from
the wheel speed information provided by sensors 28—34, or
by another idication such as a transmission output shaft
speed.

Block 102 applies a dead-band function the desired yaw
rate €2, to determine 1f the steering maneuver warrants
activation of the active braking control. A preferred mecha-
nization of the dead-band 1s depicted 1mn FIG. 3, where the
y-axis represents the desired yaw rate output for a given
desired yaw rate input. For [Q2, |=DB, the desired yaw rate
output 1s zero, meaning that feed-forward activation of the
active brake control 1s not warranted. For desired yaw rate
inputs between DB and SAT, the output increases
proportionately, saturating when |[€2 ,_ |ZSAT. The saturation
control effectively limits the desired yaw rate output for
€Xcessive steering mputs.

Block 104 forms a preliminary proportional yaw compo-
nent {2 by applying a vehicle speed dependent gain term
to the desired yaw rate €, , and applying the control
authority determined at block 102 to the result. The propor-
fional gain term, depicted in FIG. 5A, generally increases
with 1ncreasing vehicle speed, as shown. If the order of
blocks 102 and 104 are reversed as mentioned above, the
cgain term 1s applied to the desired yaw rate, and the
dead-band and saturation functions operate on the prelimi-
nary proportional yaw component €2, . Other variations are
also possible.

Block 106 subjects the proportional gain term to a dimin-
Ishing integrator function which reduces the preliminary
proportional gain term €2 to zero at a predetermined time
constant. FIG. 4 depicts a diminishing integrator 1n which
the preliminary gain term €2 is provided as a (+) input to
the summing junction 120. The output of summing junction,
which forms the proportional yaw component £2, 1s pro-
vided as an input to block 122, which develops a cumulative
proportional term. The output of block 122, after modified
by a gain term (block 124) is applied to the (-) input of
summing junction 120. Thus, if the preliminary proportional
gain term 2 remains constant for a given maneuver, the
proportional yaw component £2, will decrease to zero at a
fime constant determined by the gain of block 124.

An added benefit of the diminishing integrator function 1s

that it will produce a proportional gain component €2, of
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4

opposite polarity when the steering wheel 1s returned to a
center position since the preliminary proportional term £2
returns to zero immediately while the cumulative propor-
tional term has a non-zero value. If the steering wheel 1s
turned past center and 1n the opposite direction, the residual
output of block 122 acts to momentarily increase the pro-
portional gain component £2 . In either event, this has the
desirable effect of quickly reducing any undesired residual
yaw.
FIG. 6 graphically depicts the preliminary proportional
term &2, and the proportional gain component £2, as a
function of time for a series of steering movements. The
steering movements depicted 1n FIG. 6 represent moderate
unipolar steering inputs, and illustrate both the reduction of
the preliminary term and the initial output of opposing
polarity when the steering wheel 1s returned to a center
position.

Block 108 differentiates the desired yaw rate €2, . to
determine the rate of change of desired yaw rate. This may
be determined by differencing consecutively determined
values of Q2, = and dividing by the computation loop time.
Preferably, the result 1s subjected to a low pass filter to
reduce noise 1n the rate calculation.

Block 110 applies a dead-band and saturation function to
the output of block 108, similar to the function described
above 1n respect to the proportional gain term €2, In this
case, the dead-band serves to prevent the formation of a
derivative term 1if the computed rate of change 1is less than a
predetermined value DB, and to limit the rate of change
when the steering wheel 1s turned very rapidly.

Block 112 forms a derivative yaw component £2, by
applying a vehicle speed dependent gain term to the desired
yaw rate €2, _, and applying the control authority determined
at block 110 to the result. As with block 104, the derivative
cgain term 15 vehicle speed dependent. The derivative gain
term, depicted in FIG. 5B, generally increases with increas-
ing vehicle speed up to a predetermined range, as shown. At
very high vehicle speeds, the dertvative gain term 1s reduced
as shown to decrease the dertvative yaw component. If the
order of blocks 110 and 112 are reversed as mentioned
above, the gain term 1s applied to the desired rate of change
in yaw rate, and the dead-band and saturation functions
operate on the derivative yaw component €2 ,. Other varia-
tions are also possible.

The advantageous operation of the control of this inven-
tion 1s graphically illustrated 1n FIG. 7. FIG. 7A shows the
operation of a conventional closed loop yaw control for a
lane change evasive maneuver performed at a constant
vehicle speed of 45 MPH on snow-covered pavement,
whereas FIG. 7B shows the operation of the feed-forward
control of this invention for the same maneuver. In each
case, the steering wheel angle (SWA), the actual yaw rate
(YAW), the commanded yaw (YAW CMD), and an active
brake control enable signal (ABC) are shown as a function
of time.

In the closed-loop control of FIG. 7A, the yaw command
builds slowly, and tends to lag the steering wheel angle
input. Since active brake control 1s only enabled when the
yaw rate error exceeds a threshold level, the actual yaw rate
fails to track the reversal of steering wheel angle. When the
control does become active (ABC=Enable), it produces a
corrective yaw moment, but a large driver steering angle 1s
also required. A similar situation occurs when the driver
subsequently tries to reverse the yaw rate to keep the vehicle
in the new lane. The relatively large corrective steering
inputs required of the driver are indicative of the driver effort
required to maintain control of the vehicle.
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In the feed-forward control of FIG. 7B, the derivative
component produces an immediate yaw command at the
initiation of the steering maneuver, triggering a nearly
immediate enabling of active brake control. The command 1s
quickly reduced due to the action of the diminishing
integrator, but the introduced yaw moment somewhat
reduces the driver steering input, compared to the closed-
loop control of FIG. 7A. The combination of a yaw com-
mand that 1s more 1n phase with the driver steering input, and
that is rapidly diminished (due to the diminishing integrator)
produces corrective yaw moments that of phase and mag-
nitude that more nearly correspond to driver expectations, as
seen by the reduced driver steering input required to com-
plete the maneuver. As a result, the level of driver effort
required to maintain control of the wvehicle 1s reduced,
compared with a conventional closed-loop control.

A somewhat different mechanization of the feed-forward
control of this invention may be utilized 1f the vehicle is
equipped with a steering wheel rate (SWR) sensor instead of
a steering wheel angle (SWA) sensor. In this case, the
steering position 1s estimated by integrating the sensed
steering rate, but due to uncertain bias in the result, the
steering position signal 1s preferably subjected to the dimin-
1shing integrator prior to computation of the desired yaw rate

€2, . Additionally, the rate of change of the desired yaw rate
(€2,..") can be obtained directly from the sensed steering rate
o', using the expression:

Qd es = anl/{ (L +K it VJ:Q) - (2)

A block diagram of a control utilizing a steering rate
sensor 15 shown 1n FIG. 8. The steering rate ¢' and longitu-
dinal vehicle speed V _ are provided as inputs to block 200,
which determines €2, ' using equation (2) above. The rate
2, '1s applied as an 1nput to the dead-band and saturation
function block 202, which limits the derivative yaw
component, and block 204 applies a velocity based gain
term, to complete the derivative yaw component €2 .. The
steering rate 0' 1s separately applied to integrator block 206
which estimates the steering angle, and applies the same as
in 1mnput to diminishing mtegrator block 208. The output of
block 208 1s applied along with the vehicle speed signal V_
to block 210, which determines €, . using equation (1)
above. The desired yaw rate €2, _1s applied as an input to the
dead-band and saturation function block 212, which limits
the proportional yaw component, and block 214 applies a
velocity based gain term, to complete the proportional yaw
component €2 . As with the block diagram of FIG. 2, the
order of blocks 202 and 204 may be reversed 1if desired, as
may the order of blocks 210 and 212. The proportional and
dervative gain components 2 and €2, are summed at block
216 to form a yaw command which may be 1n the form of
a differential velocity AV, a differential braking force AF, or
a differential moment AM. For purposes of this disclosure,
the command 1s considered as a differential moment AM.
Finally, the differential moment AM 1s provided to block 218
which activates the wheel brakes 1n a manner to develop a
differential brake force that achieves the command.

A main flow diagram for an active brake control accord-
ing to this 1invention for a system having a steering angle
sensor 1s set forth in FIG. 9. After reading the various sensor
inputs at block 250, the system executes block 252 to
interpret the driver commands (i.e, to form the differential
moment command AM). The exit and enter conditions are
established at block 254, and actuator commands for carry-
ing out the command are determined and applied to actua-
tors 52, 54, 56, 58 at blocks 256-258.

The flow diagram of FIG. 10 details the main flow
diagram block 252 in which the AM command 1s developed.
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Initially, the block 260 1s executed to compute the desired
yaw rate €2, _as a function of the vehicle speed, the steering
wheel angle and the understeer coeflicient 1 accordance
with expression (1). Thereafter, block 262 computes the rate
of change of desired yaw rate €2, '. Blocks 264-266 apply
a dead-band and saturation function to the computed yaw
rate and change of yaw rate to limit the computed values as
described above. The preliminary proportional term and the
derivative terms are computed at blocks 268 and 270,
respectively, and the preliminary proportional term 1s sub-
jected to a diminmishing integrator function at block 272.
Finally, the block 274 determines a yaw rate command by
summing the proportional and derivative terms, completing
the yaw command determination.

The flow diagram of FIG. 11 details the main flow
diagram block 254, in which the entry and exit conditions
for yaw control are established. If the vehicle velocity V _ 1s
not greater than a minimum velocity threshold V_. . as
determined at block 280, the block 294 1s executed to disable
active brake control by clearing the ABC ENABLE {flag. If
V_1s greater than V_ . block 282 1s executed to determine
if the differential moment command AM exceeds a threshold
moment M_, . It so, the block 284 1s executed to enable active
brake control by setting the ABC ENABLE flag. Blocks
286290 are then executed to 1dentily a condition for which
the differential moment command AM 1is less than an exit
threshold M__, and to time the period for which the identified
condition 1s satisfied. If the timed period exceeds reference
time (TIMEOUT), as determined at block 292, the block 294
1s executed to disable active brake control by clearing the
ABC ENABLE flag. For reference, another example of entry
and exit conditions 1s given in the U.S. patent application
Ser. No. 08/732,582, which 1s assigned to the assignee of this
ivention.

The flow diagram of FIG. 12 details the main flow
diagram block 256, in which the actuator commands are
developed, assuming a four channel system in which brak-
ing forces at the four corners of the vehicle are indepen-
dently controlled. It 1s additionally assumed that the control
1s based on a commanded yaw moment, as opposed to a
commanded wheel speed difference. The corrective yaw
force F corresponding to the differential moment command
AM 1s determined as F=AM/d, where d 1s the track width of
the vehicle.

If the vehicle 1s exhibiting understeer, as determined at
block 350, the blocks 352-374 are executed to determine the
appropriate actuator commands. If the vehicle 1s exhibiting
oversteer, the blocks 376-392 are executed to determine the
appropriate actuator commands. An understeer condition 1s
indicated if the differential moment command AM and the
steering angle 0 have the same sign. An oversteer condition
1s 1indicated 1f AM and 6 have opposite signs. A dead-zone
may be employed to stabilize the indication.

In the understeer condition, braking 1s applied 1n approxi-
mately equal distribution to the 1nside rear and inside front
wheels 1f there 1s no driver braking. However, 1f the esti-
mated lateral F, force of the rear axle and the steering angle
0 have opposite signs, the distribution 1s biased toward the
inside front wheel. If anti-lock braking control 1s activated
for the rear wheels before the desired braking force 1is
developed, the undeveloped portion of the desired braking
force 1s applied to the inside front wheel. If the driver is
braking, and anti-lock braking 1s activated for both front and
rear wheels, the brake command for the outside front wheel
1s reduced to achieve the desired yaw force. The block 352
compares the signs of the estimated lateral force at the rear

axle F . and the steering wheel angle 0 by comparing the
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product F 0 to zero. It the product is less than zero, the signs
are opposite, and block 356 1s executed to set the inside rear
force command F; to 10% of the total corrective force F;
otherwise, block 354 sets the 1nside rear force command F,
to 50% of the total corrective force F. If anti-lock brake
(ABS) control is activated for the inside rear wheel, as

determined at block 358, block 360 determines the braking
force F. at the onset of ABS control, and block 362 sets the

LFed

inside front force command F to the difference (F-F,,,). If
ABS 1s not activated, block 362 sets the inside front force
command F; to the difference (F-F;). If there is driver
braking, and ABS control 1s activated for both front and rear
mside wheels, as determined at blocks 358-368, block
370-374 are executed to determine a braking force com-
mand F . for the outside front wheel. The command F_, is
determined by determining the actual braking forces F,,, and
F. ~developed at the insider front and rear wheels, and

LFdi

computing the difference (F-F,,~F;, ). This difference can-
not be negative, and 1s limited at block 374 to 50% of the
driver commanded brake force Bf . for the outside front
wheel.

In the oversteer condition, braking 1s applied to the
outside front wheel only, and may be allowed to exceed the
anti-lock braking limat. If the driver is braking, and anti-lock
braking control 1s activated for the inside wheels before the
desired braking force 1s developed, the brake command for
the mside rear wheel (and possibly the 1nside front wheel) is
reduced to achieve the desired yaw force. The brake force
command F_, tor the outside front wheel 1s set to the total
corrective force F at block 376. It there 1s no driver braking,
as determined at block 378, the block 380 1s executed to
override any ABS activation for the outside front wheel. If
there 1s driver braking, and ABS control 1s activated for the
outside front wheel, as determined at blocks 378 and 382,
the blocks 384-386 are exccuted to determine the actual
braking force F ., at the outside front wheel, and to set the
brake force command k. tor the inside front wheel equal to
the difference (F-F,.). This difference cannot be negative,
and 1s limited at block 388 to 50% of the driver commanded
brake force BF,, for the inside front wheel. Block 390 then
sets the brake force command F; for the inside rear wheel
equal to the difference (F F —FI ). Again, the difference
cannot be negative, and 1s llmlted at block 392 to 50% of the
driver commanded brake force BF, {for the inside rear
wheel.

It will be understood that 1n the oversteer condition with
driver braking, the brake force commands F;, and F;, for the
front and rear inside wheels represents a commanded reduc-
fion 1n braking force at such wheels. Similarly, 1n the
understeer condition with driver braking, the brake force
command F . for the tront outside wheel represents a com-
manded reduction in braking force at such wheel.

It will be recognized that the subject invention 1s not
limited to the above-described distribution strategy, and that
other distribution strategies, such as described 1n the pend-
ing U.S. patent application Ser. Nos. 08/654,982 and 08/732,
582, both of which are assigned to the assignee of this
invention, could utilized alternatively.

In summary, then, the feed-forward yaw control of this
invention provides an improved control that does not require
a yaw sensor. Moreover, the control may be used 1n concert
with a conventional closed-loop control to provide perfor-
mance 1mprovements of the kind demonstrated above 1in
respect to FIGS. 7A-7B. Additionally, it 1s anticipated that
various other modifications will occur to those skilled 1n the
art, and that controls 1mncorporating such modifications may
fall within the scope of the present invention, which is
defined by the appended claims.
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The emodiments of the invention in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A vehicle active brake control having sensors for
detecting vehicle speed and a driver steering input, wherein
the control differentially brakes the vehicle wheels to impart
a commanded yaw to the vehicle, the improvement wherein
the commanded yaw 1s determined according to a method
comprising the steps of:

determining a desired yaw rate as a function of the
detected vehicle speed and driver steering input;

determining a first yaw command component in propor-
tion to the desired yaw rate when such desired yaw rate
1s outside a first predefined dead-band window, said
first yaw command component being limited to a first
saturation threshold outside said first dead-band win-
dow;

determining a second yaw command component 1n pro-
portion to a rate of change of said desired yaw rate
when such rate of change 1s outside a second predefined
dead-band window, said second yaw command com-
ponent being limited to a second saturation threshold
outside said second dead-band window;

summing said first and second yaw command components
to form said commanded yaw.
2. The active brake control method of claim 1, including
the step of:

determining a proportional gain as a function of the
detected vehicle speed; and

applying said proportional gain to said first yaw command

component.

3. The active brake control method of claim 2, wherein
said proportional gain increases with increasing vehicle
speed.

4. The active brake control method of claim 1, including
the step of:

determining a derivative gain as a function of the detected
vehicle speed; and

applying said derivative gain to said second yaw com-

mand component.

5. The active brake control method of claim 4, wherein
said derivative gain increases with increasing vehicle speed
when the vehicle speed 1s below a predetermined range, and
decreases with increasing vehicle speed when the vehicle
speed 1s above the predetermined range.

6. The active brake control method of claim 1, including
the step of:

determining a proportional gain as a function of the
detected vehicle speed; and

applying said proportional gain to said desired yaw rate.
7. The active brake control method of claim 1, including
the step of:

determining a derivative gain as a function of the detected
vehicle speed; and

applying said derivative gain to said rate of change of
desired yaw rate.

8. The vehicle active brake control method of claim 1,
including the steps of:

forming a sum of the determined first yaw command
components, and multiplying such sum by a predeter-
mined gain term to form a feedback signal; and

decreasing said first yaw command component by said

feedback signal prior to the summing of said first and
second yaw command components.

9. A vehicle active brake control having sensors for

detecting vehicle speed and a driver steering input, wherein
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the control differentially brakes the vehicle wheels to impart
a commanded yaw to the vehicle, the improvement wherein
the commanded yaw 1s determined according to a method
comprising the steps of:

determining a desired yaw rate as a function of the
detected vehicle speed and driver steering input;

determining a first yaw command component 1n propor-
tion to the desired yaw rate if such first yaw command
component 1s outside a first predefined dead-band win-
dow;

limiting said first yaw command component to a first
saturation threshold outside said first dead-band win-
dow;

determining a second yaw command component 1n pro-
portion to a rate of change of said desired yaw rate if
such second yaw command component 1s outside a
second predefined dead-band window;

limiting said second yaw command component to a

second saturation threshold outside said second dead-
band windows;

summing said first and second yaw command components

to form said commanded yaw.

10. A vehicle active brake control having sensors for
detecting vehicle speed and a driver steering rate, wherein
the control differentially brakes the vehicle wheels to impart
a commanded yaw to the vehicle, the improvement wherein
the commanded yaw 1s determined according to a method
comprising the steps of:

integrating the detected driver steering rate to estimate a
driver steering angle;
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determining a desired yaw rate as a function of the
detected vehicle speed and said estimated driver steer-
ing angle;

determining a first yaw command component 1in propor-
tion to the desired yaw rate when such desired yaw rate
1s outside a first predefined dead-band window, said
first yaw command component being limited to a first

saturation threshold outside said first dead-band win-
dow;

determining a desired rate of change of yaw rate based on
the detected vehicle speed and driver steering rate;

determining a second yaw command component 1n pro-
portion to the desired rate of change of yaw rate when
such rate of change 1s outside a second predefined
dead-band window, said second yaw command com-
ponent being limited to a second saturation threshold
outside said second dead-band window; and

summing said first and second yaw command components

to form said commanded yaw.
11. The active brake control method of claim 10, 1includ-

ing the steps of:

forming a sum of the estimated driver steering angles, and
multiplying such sum by a predetermined gain term to
form a feedback signal; and

decreasing said estimated driver steering angle by said
feedback signal prior to determining said desired yaw
rate.
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